Background: Quantitative diffusion-weighted MRI (DW-MRI) and dynamic contrast-enhanced MRI (DCE-MRI) have the potential to impact patient care by providing noninvasive biological information in breast cancer. Purpose/Hypothesis: To quantify the repeatability, reproducibility, and accuracy of apparent diffusion coefficient (ADC) and T 1 -mapping of the breast in community radiology practices. Study Type: Prospective. Subjects/Phantom: Ice-water DW-MRI and T 1 gel phantoms were used to assess accuracy. Normal subjects (n 5 3) and phantoms across three sites (one academic, two community) were used to assess reproducibility. Test-retest analysis at one site in normal subjects (n 5 12) was used to assess repeatability. Field Strength/Sequence: 3T Siemens Skyra MRI quantitative DW-MRI and T 1 -mapping. Assessment: Quantitative DW-MRI and T 1 -mapping parametric maps of phantoms and fibroglandular and adipose tissue of the breast. Statistical Tests: Average values of breast tissue were quantified and Bland-Altman analysis was performed to assess the repeatability of the MRI techniques, while the Friedman test assessed reproducibility. Results: ADC measurements were reproducible across sites, with an average difference of 1.6% in an ice-water phantom and 7.0% in breast fibroglandular tissue. T 1 measurements in gel phantoms had an average difference of 2.8% across three sites, whereas breast fibroglandular and adipose tissue had 8.4% and 7.5% average differences, respectively. In the repeatability study, we found no bias between first and second scanning sessions (P 5 0.1). The difference between repeated measurements was independent of the mean for each MRI metric (P 5 0.156, P 5 0.862, P 5 0.197 for ADC, T 1 of fibroglandular tissue, and T 1 of adipose tissue, respectively). 
Q uantitative imaging has matured to the point where it is routinely incorporated in clinical trials of solid tumors in the academic setting, with promising results. 1, 2 However, the majority of cancer patients receive their care in the community setting, 3 which consists of private physician-owned businesses or regional hospitals and clinics that are not a part of an academic medical center or medical teaching institution. Thus, to maximize the impact of quantitative imaging it must be implemented in the community setting. This would result in two distinct advances: 1) expand the ability of community sites to participate in multisite clinical trials requiring quantitative magnetic resonance imaging (MRI); and 2) extend the ability for quantitative imaging to be implemented into the standard-of-care setting. Furthermore, performing quantitative MRI in the community setting demonstrates the feasibility for future widespread clinical dissemination. The goal of this study was to implement quantitative MRI in the community setting and characterize the repeatability, reproducibility, and accuracy of two MRI measures appropriate for quantitative characterization of breast cancer. The two measures were the 1) the longitudinal relaxation rate (T 1 ) for quantitative dynamic contrast-enhanced MRI (DCE-MRI); and 2) the apparent diffusion coefficient (ADC) from diffusionweighted MRI (DW-MRI). DW-MRI and DCE-MRI have the potential to characterize important characteristics of the tumor and its microenvironment, including vessel perfusion and permeability, cellularity, and cellular proliferation. The ADC, quantified from DW-MRI, has been shown to correlate with cellularity. [4] [5] [6] Longitudinally measured changes in ADC values have been utilized to predict the response of breast tumors to therapy [7] [8] [9] and have been shown to be a better predictor of eventual response than measurements of tumor size. 10 Accurate T 1 values are essential for quantitatively assessing DCE-MRI, which consists of the serial acquisition of T 1 -weighted images before, during, and after the injection of a gadolinium-based MRI contrast agent. Quantitative pharmacokinetic parameters derived from DCE-MRI, such as K trans (the volume transfer rate related to vascular permeability and perfusion), v e (extravascular extracellular volume fraction), v p (plasma volume fraction), and k ep (5K trans /v e ) have been shown to be good predictors of pathological response in breast tumors undergoing anticancer therapy prior to any significant changes in tumor size. 8, [11] [12] [13] Central to the quantitative analysis of DCE-MRI is the accurate measurement of T 1 values of the tissue under investigation prior to contrast administration. Such "relaxometry" measurements are not typically made at community-based radiology facilities. Importantly, these quantitative MRI parameters that characterize underlying tissue physiology may interrogate important changes of breast tumors prior to changes in tumor size.
This study evaluated the ability to implement and assess the accuracy, repeatability, and reproducibility of ADC and T 1 -mapping in the community setting through evaluations of both phantom studies and normal human subjects. Accuracy of the quantitative MRI metrics was evaluated through phantom imaging with known T 1 and ADC values. Repeatability of these measurements was assessed in a test-retest population of normal subjects. Reproducibility was assessed in repeat scanning of phantoms and individuals across three sites.
Materials and Methods

Scanning Protocol
Imaging data were acquired at two community imaging facilities and one research facility using 3T Siemens (Erlangen, Germany) Skyra scanners, software VE11a, equipped with 8-or 16-channel receive double-breast coil (Sentinelle; InVivo, Gainesville, FL). In general, a community care imaging center is a nonacademic, nonresearch setting (ie, does not actively train medical residents) and is either an outpatient facility or a hospital that is regionally used. One of the community centers was an outpatient imaging facility, equipped with one 3T and one 1.5T MRI and utilized for only outpatient exams. The second community facility is a regional hospital, $120 beds, equipped with two MRIs (one 3T and the other 1.5T), and utilized for both inpatient and outpatient services. Both community imaging facilities currently perform breast MRI as part of their routine clinical practice. All three MRIs used in this study are at different sites and on different service contracts, as well as have different quality control guidelines. Additionally, the radiology technologists currently employed at the various sites were directly involved and responsible for positioning the subjects and deploying the research imaging protocols. The human subjects and diffusion phantom were scanned in the sagittal plane, while the T 1 phantom was imaged in the coronal plane. A highresolution anatomical image was acquired using a gradient echo fast low-angle shot (FLASH) 3D sequence for a total scan time of 3 minutes 11 seconds. (Please see Table 1 for complete imaging  parameters.) DW-MRI was acquired using a monopolar single-shot spin echo (SE) echo planar imaging (EPI) sequence in three diagonal diffusion-encoding directions. Six acquisitions were averaged for bvalues of 0 and 200 s/mm 2 , while 18 acquisitions were averaged with a b-value of 800 s/mm 2 . This allowed for approximately equal signal-to-noise ratios.
14 DW-MRI was acquired over 10 slices with 5 mm thickness and no slice gap. Spectrally selective adiabatic inversion recovery (SPAIR) fat suppression was included in the human subject protocol for a total scan time of 1 minute 39 seconds. For the T 1 measurement, a variable flip angle data approach was employed using a 3D spoiled gradient echo (SPGE) sequence at 10 flip angles (28, 48, 68 ,. . .,208) for a total acquisition time of 99 seconds. A Siemens TurboFLASH sequence was used to map the B 1 field to correct for transmit inhomogeneity. Due to the inclusion of a slice gap in the B 1 mapping protocol, two acquisitions were performed to cover the same field of view (FOV) as the above measurements for a total acquisition time of 34 seconds. To confirm the T 1 phantom values calculated using the variable flip angle technique, a partial saturation recovery technique was acquired using a spin echo sequence with 28 different TR values, ranging from 19 msec to 8000 msec. Figure 1 shows a pipeline of the acquisition, analysis, and visualization of the study metrics.
Phantom Studies
For phantom studies, a coronal image orientation was prescribed in the center of the breast coil containing the phantoms. To test T 1 measurement accuracy, eight gel phantoms (Eurospin II Test System, Diagnostic Sonar), with T 1 values ranging from 300-1700 msec, were submerged in water and scanned at room temperature. To assess the accuracy of ADC measurements, an icewater diffusion phantom 15 was allowed to reach 08C and then securely placed in the center of the breast coil for scanning. Phantoms were scanned for intrasite repeatability (n 5 3 repeated measures with removal of the phantom between sessions) on a 16-channel breast coil at one of the three sites (research facility). Phantoms were also scanned at each of three facilities to assess intersite reproducibility of the measurements at community radiology centers. 
Volunteer Studies
All protocols were approved by the Institutional Review Boards (IRBs) and informed consent was collected. Women (n 5 12) with no previous or currently diagnosed breast disease, who were neither pregnant nor breastfeeding, underwent two quantitative MRI examinations within the same day with the subject removed from the MRI table between scans. Only one breast per subject was imaged (to follow suit with future clinical studies where only the affected breast will be imaged). These repeatability studies were completed on a 16-channel breast coil at a single site. The mean age of the normal subjects was 40 years old (range 22-62). For each breast, fibroglandular tissue and adipose tissue were segmented using the anatomical images (segmentation details provided in the next section). Two of the normal subjects did not have sufficient fibroglandular tissue to be assessed for repeatability and were evaluated solely on their adipose tissue. An additional three subjects were scanned at each of the three facilities to assess reproducibility of the measurements between both academic and community radiology centers.
Quantitative Analysis
SEGMENTATION. The segmentation of fibroglandular and adipose tissues was conducted on downsampled higher spatial resolution anatomical images. Downsampled images were regridded to the same resolution as the acquisitions used for quantification. First, the image was preprocessed to enhance contrast. 16 In brief, a transfer function was determined by assigning a new intensity to each voxel according to an adaptive transfer function that is designed on the basis of the local statistics (based on the min, max, and average for the voxels) in order to take advantage of range stretching. Therefore, this local-statistics-based transfer function was applied to each voxel in the anatomical image, so that the histogram equalization was performed on the local scale, resulting in enhancement and background suppression simultaneously. 16 Then a k-means clustering algorithm determined the intensity thresholding to generate the initial masks for fibroglandular, adipose, and voxels that contain both adipose and fibroglandular tissues. The voxels located near the edge of the region that contained both tissue types were systematically eliminated from analysis. Finally, small "islands" of voxels (size <20 voxels) were eliminated from the fibroglandular mask and adipose mask to yield a contiguous, homogeneous section of tissue on which to perform statistics. For the T 1 -mapping of the phantoms, circular regions of interest (ROIs) were manually drawn within each gel phantom using the central slice of the high-resolution image. The average T 1 from each phantom was recorded from each of the T 1 maps obtained from the two techniques (ie, the variable flip angle and the partial saturation recovery). For the ADC mapping of the phantoms, a rectangular ROI was manually drawn to encompass the entire saline phantom inside of the ice bath and the average ADC from each phantom was recorded.
DW-MRI. DW-MRI was collected as described above and used to extract ADC values for every voxel within the phantoms and segmented fibroglandular tissue. ADC maps were calculated from the DW-MRI data by fitting the data to Eq. [1]:
where S(b) is the signal intensity in the presence of diffusion gradients at strength b, S 0 is the signal intensity in the absence of diffusion gradients, and the b-value is the strength of the diffusion gradients. Equation [1] was fitted to the signal intensities from the three b-values (0, 200, 800 s/mm 2 ) on a voxel-by-voxel basis using a nonlinear least squares approach written in MatLab (MathWorks, Natick, MA). Accepted reference values of ADC measurements in the ice-water phantom at 08C are 1.1 3 10 23 mm 2 /s. 15 ADC measurements of fibroglandular tissue in normal subjects were evaluated for repeatability at one site and reproducibility across three imaging sites.
T 1 -MAPPING. T 1 maps were generated using two distinct methods. The first, which employed variable flip angles, is rapid and appropriate for routine patient use, but is prone to inaccuracies due to the B 1 inhomogeneities commonly seen at higher fields. 17 To address this issue, we employed a B 1 correction map that quantifies the difference between the prescribed and actual flip angles at each voxel. 
where S 0 is a constant related to scanner gain and proton density, a is the prescribed flip angle, and f is the flip angle correction factor that accounts for inhomogeneity in B 1 . We have also assumed TE ( T Ã 2 . The second method employed partial saturation recovery as a complementary measurement of T 1 for comparison with the variable flip angle technique to confirm accurate measurements; however, the acquisition time of this technique makes it unsuitable for routine patient use. Quantitative T 1 values were calculated for each voxel by fitting the signal intensity data from the partial saturation recovery sequence to Eq. [3] :
where S(TR) is the signal intensity measured at each TR and S 0 is the baseline signal intensity. T 1 maps of a phantom that consisted of standardized T 1 vials obtained by a B 1 -corrected, variable flip angle approach was compared to those obtained by a partial saturation recovery method to assess accuracy. The results of the B 1 -corrected, variable flip angle T 1 -mapping was compared for repeatability at one site and reproducibility across imaging sites for fibroglandular tissue and adipose tissue in normal subjects.
Statistical Analysis
T 1 and ADC measurements were acquired for each individual voxel across the phantom and whole breast imaging, and then summarized as the mean value for the entire ROI of the phantom, fibroglandular, or adipose tissue. Statistical analysis was performed using the statistical toolbox in MATLAB as in previous efforts.
The repeatability, reproducibility, and accuracy of ADC and T 1 were calculated. The accuracy compares measured values in phantoms at one location compared to known or gold standard measurements. The percent difference (ie, the accuracy) between the measured values and the known or gold standard values was calculated to determine the accuracy of the T 1 and ADC mapping methods in the phantom studies. Repeatability evaluates the repeat scans of breast tissue or phantoms at a single site on the same day. Reproducibility evaluates the phantom and breast tissue scans across multiple sites. Reported values are listed as the mean 6 standard error. Specifically, for the T 1 phantom, which includes eight separate vials, the analysis counts each individual gel phantom as one separate component and compares the difference of each individual gel to its repeat measures. Following the calculated differences, the mean of all the differences was computed. As the sample sizes are small for phantom and subject data, further information is provided in tables and graphs for reproducibility and repeatability. 19 Repeatability statistics used in this test-retest study follow the methods previously described by Bland and Altman 20 and applied in the breasts of healthy volunteers. 21, 22 First, the absolute difference, d, was calculated between the ADC and T 1 datasets obtained for each subject. Kendall's tau test was performed to test whether the magnitude of the differences was correlated with the parameter mean of the repeated measurements. An additional Kendall's tau test was performed to test for correlation between each MRI metric and age, as it is known that breast tissue composition changes with age. 23 The Wilcoxon signed-rank test was used to test the null hypothesis of no bias (ie, median difference is zero) between the first and second measurements, with the Spearman correlation testing the effectiveness of the pairing. The repeatability of each MRI metric (ie, ADC and T 1 ) was assessed. Additionally, the 95% confidence interval (CI), the root-mean-squared deviation, the within-subject standard deviation, and the repeatability value (r) were calculated for each MRI metric. The root-mean-square deviation (rMSD) is computed using the difference d:
where n is the number of subjects. The 95% CI for a group of n subjects:
where std(d) is the standard deviation of d. The confidence interval indicates the range of expected measurement variability in a group of n subjects. The within-subject standard deviation (wSD) is:
FIGURE 2: Reproducibility of ADC reveals less than a 10% change across three community sites. Shown are the cross-sectional images of ADC values overlaid on the high-resolution anatomical image of (a) phantom and (b) one example normal subject ADCs from the three sites.
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The repeatability coefficient, r, is:
r52:77•wSD 1:96•rMSD (7) This repeatability coefficient defines the magnitude of the maximum difference (absolute value) between repeated observations expected in 95% of paired observations; for example, r defines the expected measurement variability for an individual. Due to our moderate sample size, we used the appropriate t-statistic: 2.262 for 10 datasets (fibroglandular tissue), and 2.201 for 12 datasets (adipose tissue). The reproducibility of each derived MRI metric (ADC of fibroglandular tissue, T 1 of fibroglandular tissue, T 1 of adipose tissue) was quantified for subjects across three MRI scanners using the Friedman test to assess for differences across the three sites. A significance value of P 0.05 was used for all statistical tests.
Last, the minimum sample size required to detect a parameter change of 5%, 10%, or 20% was calculated for ADC or T 1 value estimation method with two-tailed statistical significance set at alpha of 0.05 and power of 0.80 and 0.90 and using standard deviations from the reproducibility data. The percentage changes were based on the population mean for each estimation method and the respective scaling metric in this study. /sec (Supplemental Fig. 1 ). ADC measurements of fibroglandular tissue in normal subjects are shown for repeatability at one site (Fig. 3) and reproducibility across three imaging sites (Fig. 2) . The average ADC of fibroglandular tissue was 1.34 3 10 23 6 0.33 3 10 23 mm 2 /sec. Repeatability scans of the same subject's fibroglandular tissue showed an average percent difference of 4.5% in ADC measurement between the two scans. There were no significant correlations between subject age and ADC (P 5 0.18). Repeatability of ADC in fibroglandular tissue was not significantly different (P 5 0.92), with the pairing significantly correlated (r s 5 1.0; [P < 0.0001]). Additionally, the difference between repeated measurements was independent of the mean (Fig. 3) . The repeatability statistics for ADC measurements are summarized in Table 2 . Reproducibility scans of normal breast fibroglandular tissue at the three different sites yielded an average difference of 7.0% in ADC measurement between sites (Fig. 2 , /sec at each site, respectively. There were no statistical differences detected between the sites (P 5 0.1).
Results
DW-MRI
T 1 -Mapping
The average percent difference between the saturation recovery (gold-standard) and B 1 -corrected, variable flip angle approach over the eight vials was 3.1% 6 3.0% difference, ranging from 0.2% to 8.1% for any individual vial (Fig. 4,  Table 4 ). Repeatability of T 1 phantom measurements with the B 1 -corrected, variable flip angle approach revealed a 1.7% 6 0.77% difference between scans (P 5 0.55). Reproducibility experiments found an average 2.1% difference between the sites (Fig. 5) , as seen in Table 5 and Supplemental Fig. 2 (P 5 0.36) . Statistical comparisons were calculated on the repeats of the individual T 1 vials within the phantom.
The results of the B 1 -corrected, variable flip angle T 1 -mapping are shown for repeatability at one site and reproducibility across imaging sites for fibroglandular tissue and adipose tissue in normal subjects (Fig. 5) . The average T 1 values of fibroglandular tissue and adipose tissue were 948 6 287 msec and 425 6 52 msec, respectively. Repeatability scans showed an average percent difference of 6.7% in the T 1 of fibroglandular tissue and 5.9% in the T 1 of adipose tissue (Fig. 6, Supplemental Fig. 3, respectively) . There were no significant trends between subject age and T 1 (P 5 0.27). Repeatability of T 1 in adipose and fibroglandular tissue was not significantly different (P 5 0.09, . Additionally, the difference between repeated measurements was independent of the mean (Fig. 6) . The repeatability statistics for T 1 measurements are summarized in Table 2 . Reproducibility scans of normal breast fibroglandular tissue at the three different sites yielded an average difference of 8.4% in T 1 measurement across sites in fibroglandular tissue, and 7.5% in T 1 measurement of adipose tissue between sites (Table 3 , Fig. 5 ), with no statistical differences observed between the sites (P 5 0.1, P 5 0.7, respectively).
Power Analysis
For ADC, a minimum number of 3-16 subjects is necessary to statistically power a study in which a 5-20% change is expected. For changes in T 1 (as required for DCE-MRI analysis), a minimum number of 3-29 subjects is necessary to statistically power a study in which a 5-20% change is expected. These results are summarized in Table 6 .
Discussion
We found that a quantitative breast MRI protocol can be deployed at community imaging centers with acceptable accuracy, repeatability, and reproducibility, thereby demonstrating the feasibility of future widespread clinical dissemination. This study has two separate, interrelated, goals: 1) increase the ability for community centers to participate in multisite clinical trials, and 2) improve patient care by dissemination of quantitative MRI for early prediction of response to NAT. Importantly, repeatability in normal subjects was tested across a range of ages comparable to the age ranges of women diagnosed with breast cancer. Furthermore, reproducibility of both phantoms and normal subjects was tested across multiple scanners at three sites, allowing for additional verification of dissemination of quantitative MRI.
The ADC values of the ice-water phantom were found to be consistent with the range reported in the literature values of 1.05-1.20 3 10 23 mm 2 /s 15, 24, 25 for water at $08C.
Malyarenko et al have shown that repeatability of ADC for day-to-day measurements in a phantom was 4.5%, while the errors between academic sites was 3% at the isocenter and $10% off center. 25 In normal subjects, Clendenen et al /s, consistent with our measurements. 26 Furthermore, in normal subjects at 3T at another academic site, Giannotti et al observed a 6% error between scanners of ADC phantoms, and an 8% error on test-retest repeatability of 10 subjects. 27 Aliu et al found an 11% within-subject error at FIGURE 4: Accuracy of T 1 -mapping with partial saturation recovery T 1 map in a T 1 phantom reveals that the B 1 -corrected T 1 values obtained are both accurate and clinically able to be obtained.
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an academic site in fibroglandular tissue in nine healthy subjects (accounting for menstrual cycle changes). 28 Our results acquired at community centers reveal similar differences for repeatability in normal subjects and phantoms. Additionally, repeatability of ADC in fibroglandular tissue was not significantly different, suggesting a lack of bias between the first and second scanning sessions. Furthermore, we found a low average difference for breast tissue across multiple community locations in the same subject across multiple days. T 1 measurements were found to have similar accuracy and repeatability in the community setting when compared academic research centers, there have been comparatively few studies in community-based radiology centers-where most patients receive their imaging care. 3 The results from the phantom and normal subject scans indicate that quantitative MRI of the breast, which has previously proven useful for assessing breast tumors in both the diagnostic 31, 32 and prognostic settings 7, 33 at academic medical centers, can also be successfully and reliably implemented at community imaging centers. Evaluating each of these quantitative MRI techniques across multiple community sites provides evidence that these metrics can be employed in (for example) a multisite clinical trial using community centers to assess treatment response of standard-of-care or novel therapeutics. This is of great importance because it presents the ability for medical providers-other than academic researchoriented medical centers-the ability to be intimately involved in clinical trials that require advanced imaging. Incorporating networks of community practice sites into multisite trials might allow us to collect more data in less time, thus enhancing the overall research effort and compressing the timeframe of clinical translation. There are, however, acute differences in MRI scanner logistics between the academic and community setting. MRI scanners in the community setting do not typically have a research contract, thereby limiting the available scans (including some sequences that academic settings runs as standard-of-care) and preventing the scanners from running any "work-in-progress" imaging sequences. Additionally, although hardware and software between scanners should essentially be the same, there are known differences across any MRI scanners, including frequency and phase drift, magnet inhomogeneity, and temperature instability.
Although the magnets and coils tested in this study were the same model from the same manufacturer, with the exception of an 8-channel coil at one site, they were sited at different institutions and subject to individual variations (as mentioned above). Importantly, our results show that the reproducibility of these metrics is within a reasonable range to allow for future widespread dissemination of these techniques. Furthermore, although most sites follow American College of Radiology (ACR) accreditation, academic medical centers must typically follow more rigorous standards in order to participate in clinical trials, sometimes utilizing phantom studies similar to those included in this work. 24, 34, 35 Lack of standardization in both the acquisition and analysis of quantitative imaging, due to the tremendous number of potentially adjustable parameters at different sites, is also of notable concern. Major challenges that exist for both academic and community imaging are harmonization in acquisition protocols (both across centers and vendors) and scanner upgrades. To be adopted as routine imaging biomarkers, the accuracy, repeatability, and reproducibility of MRI metrics must be established and validated with multisite studies. The Quantitative Imaging Network (QIN) has led a number of efforts to address this limitation by standardizing methods for image acquisition and analysis. 17, 36 Furthermore, the QIN has led numerous efforts in assessing the repeatability and reproducibility of ADC and T 1 -mapping at multiple academic sites. Again, there has been limited effort to replicate such data in the community setting. Additionally, there are currently no multisite, multivendor studies validating the quantitative MRI techniques. 37 Future work is needed across multiple vendors and magnet strengths (ie, 1.5T and 3T) to characterize the robustness of quantitative MRI techniques and assess their use as imaging biomarkers in community imaging centers. This analysis is important for dissemination of quantitative metrics to community imaging centers.
There are a number of limitations in the present study. For example, one of the sites had an 8-channel breast coil, while the other two sites used 16-channel breast coils. Importantly, this single site still was able to reproduce statistically similar quantitative metrics for all parameters assessed, suggesting that these measurements can be robust across variation in coil hardware. A second limitation of our study is that we did not assess T 1 and ADC across multiple vendors or magnet strengths, and as previously mentioned, this is a requirement for widespread dissemination of quantitative MRI. This study, however, does outline the necessary steps needed to perform a power analysis for future clinical studies and multisite multivendor studies. Additionally, we did not control for the timing of the menstrual cycle when the scans were performed on the subjects who were imaged at multiple institutions. This can be a potential source of error, as the relative timing within a woman's menstrual cycle can cause fluctuations in breast density, which may 38 or may not 39 affect ADC measurements. Importantly, the techniques evaluated were robust despite these differences.
As performing reproducibility studies in individuals across multiple locations with strict scheduling logistics is exceedingly difficult, we were limited to three such subjects in the present study who were scanned at each location. Furthermore, to implement these quantitative metrics of the breast into clinical studies that evaluate breast lesions and tumors, additional efforts on tumor segmentation will need to be completed. For our current normal subject studies, we have only segmented fibroglandular and adipose tissue and voxels that encompassed both adipose and fibroglandular tissue were eliminated from this analysis; however, for future applications to breast cancer, it will be important to evaluate all voxels that include any voxel within the tumor. Additionally, T 1 mapping provides the basis for DCE-MRI; however, future steps in tumor evaluation will require parameter evaluation of quantitative DCE-MRI parameters K trans , v e , v p , and k ep .
In conclusion, quantitative T 1 and ADC mapping of the breast can be implemented in the community-based imaging setting, thereby dramatically increasing the access of these techniques for patients who can benefit from these technologies. We recently implemented these techniques in a community-focused clinical trial to predict the response of locally advanced breast cancer to neoadjuvant therapy. 40 
